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Abstract 
 
Bamboo plies of 1/8" and 1/32" thicknesses were glued together to form multiple unidirectional and cross-
ply laminates that measured 12" by 12".  The thickness of each laminate was between 0.25" and 
0.375".  All laminates were pressed together with a Tetrahedron MTP-10 bench top precision press at 
75°F and 1000 lbf  for 40 minutes.  Laminates were then cut with a band-saw into four 3" by 12" test 
specimens, 24 hours after pressing.  Each test specimen was three-point bend tested to identify the 
modulus of rupture (MOR) and apparent bending stiffness.  Three-point bend testing was also performed 
on laminates that were cut from four commercially produced longboard skateboard decks. The 
manufacturer described the laminates used for each longboard skateboard deck as: a bamboo-core 
fiberglass sandwich, 5 plies of laminated bamboo, 7 plies of Canadian Maple and a hybrid of bamboo and 
Canadian Maple.  Additional testing was performed on self-constructed laminate orientations that 
exhibited similar or greater MOR or apparent bending stiffness values to the commercially available 
longboard skateboard decks to identify the variability associated with gluing and pressing these laminate 
orientations.  These laminates had significantly different MOR and apparent bending stiffness values 
compared to previously constructed laminates, despite having the same laminate orientation.  The 
variance in MOR and apparent bending stiffness values is believed to be a result of the quantity of glue 
used to create each laminate, mechanical property differences in each bamboo ply utilized and 
differences associated with laminating due to the curvature of each bamboo ply.       
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Introduction 
History 
 
It is difficult to assess the exact location and timeframe when longboard skateboarding first 
began.   Conflicting reports place the inception of longboard skateboarding in Hawaii or Southern 
California sometime between the late 1950s or early 1960s.  Further complicating the matter is the 
precise definition of longboard skateboarding.  The most comprehensive history of the sport was 
compiled by Jim Goodrich—an individual that worked in the longboard skateboarding industry as a 
photographer from 1978 to 1986
1
.  According to his account, the “Scooter Skate" was one of the first 
contraptions that could be considered a longboard skateboard
2
.  The contraption was sold during the 
1930s and could be ridden with or without handle bars making it a hybrid between a scooter and a 
skateboard.  It was followed a decade later by another contraption called the “Skeeter Skate".  This 
contraption also had removable handle bars, but it had the addition of steering axels or “trucks" that 
allowed an individual to turn or “carve" when riding
2
.  If we define longboard skateboarding by the present 
tenet of a wooden deck then the inception of which can be traced to the 1950s where kids were inspired 
to nail roller skate assemblies to the bottom of wooden planks
2
.  This inspiration was likely a byproduct of 
both the “Scooter Skate" and “Skeeter Skate", but the strong love individuals possessed for surfing and 
the desire to recreate the “carving feeling" felt when surfing, certainly contributed.  In 1959, longboard 
skateboarding was marked by another innovation—clay wheels
2
.  Wheels used during previous years 
were made from steel which was more difficult and challenging to ride on when compared to clay.     
 
By the 1960s a revolution had begun and the number of longboard skateboarding manufacturers 
grew rapidly.  Future developments in longboard skateboarding would include varying deck sizes and 
shapes, polyurethane wheels and the introduction of different wood species as the building constituents 
for decks. There were also innovations in the design of longboard skateboard trucks which allowed riders 
greater turning mobility and better control at higher speeds.  Other improvements included precision 
bearings replacing loose ball bearings, allowing longboard skateboarders to attain higher speeds
2
.  
Advancements to the components of longboard skateboards allowed the sport to radically change in 
terms of the terrain accessible to longboard skateboarders.  Steeply graded hills, empty swimming pools, 
railings; the list is endless. Longboard skateboarders were finding more places to skate.      
 
A change also occurred culturally in the sport, with the first competition held at Pier Avenue 
Junior High School, in Hermosa California in 1963
2
.  Future competitions would be held all over 
California, in other states and in countries outside the United States.  Photographers began to take 
pictures of individuals longboard skateboarding and publish longboard skateboard magazines.  
Longboard skateboard associations began to form.  Videos and documentaries about longboard 
2 
 
skateboarding and about individuals in the industry surfaced, bringing the sport to a wider audience.  
Closely related to longboard skateboarding is trick skateboarding which experienced similar 
developments over the years.  The popularity and success of longboard skateboarding (and trick 
skateboarding) also had ramifications on the infrastructure built within cities.  Skateboard parks with 
ramps, empty swimming pools, railings and obstacles were commonly being built within cities and towns.    
 
A more detailed account of longboard skateboard innovations and cultural developments, though 
pertinent for understanding an exhaustive history of longboard skateboarding,  is beyond the scope of this 
report.  The advancements to longboard skateboards and the cultural developments that accompanied 
the sport were mentioned briefly to provide a background for understanding longboard skateboarding in 
the 21
st
 century. Of equal importance to understanding longboard skateboarding in the 21
st
 century is to 
understand the many different styles of longboard skateboarding.   
Styles of Longboard Skateboarding 
 
It is difficult to define all of the different styles of longboard skateboarding.  Many longboard 
skateboard manufacturers produce longboard skateboards that are hybrids of numerous styles, further 
complicating any definition.  The list of styles presented is not designed to be precise which is impossible 
given the large number of manufacturers and variety of longboard skateboard set-ups possible.  The four 
most common styles encountered are slalom, downhill, cruising and commuter.  In addition, trick 
skateboarding will be mentioned due to its popularity and often misguided association with longboard 
skateboarding. 
     
Slalom is where an individual weaves through a set of traffic cones. Decks used for slalom are 
generally made from carbon fiber composites
3
.  The ends of the deck are shallow and allow for a tighter 
turning radius and the wheels are much larger for improved traction
3  
(Figure 1).   
 
 
 
 
 
 
 
Downhill is where an individual skateboards down a steeply graded hill as fast as possible.   
Decks used for downhill are stiff and the trucks used are often wide to improve stability
3
.  Longboard 
skateboarders often wear a streamlined helmet to decrease air resistance and tight fitting clothing
3
 
(Figure 2).     
 
Figure 1. A slalom skateboard
4
. 
3 
 
 
 
 
 
 
Cruising is where individuals turn back and forth or “carve" down large, medium or small hills.  
The length of the longboard skateboard deck varies anywhere from two feet to six feet and the shape of 
the board varies as well.  Wheel and turning axle sizes vary greatly  (Figure 3). 
 
 
 
 
 
 
Commuter is where the sole purpose of the board is to allow an individual to skateboard from 
location A to location B.  Board lengths are usually smaller than two feet and the board may be stiff or 
flexible.  The wheels and trucks tend to be smaller and it is more difficul t to “carve" on the board (Figure 
4).      
 
 
 
 
 
 
Trick Skateboarding is where an individual can perform tricks such as jumping up with their board 
(commonly referred to as an “Ollie").  Trick skateboarding is often confused with longboarding, but the 
wheels and trucks for a trick skateboard are smaller when compared to a cruising longboard.  The shape 
of a trick skateboard is also different even when it is compared against all types of longboard skateboards  
(Figure 5).     
 
 
 
 
 
 
 
Figure 5. A trick skateboard
8
. 
Figure 4. A commuter skateboard
7
. 
Figure 3. A cruising skateboard
6
. 
Figure 2. A downhill skateboard
5
. 
4 
 
A variety of truck and wheel designs exist for all of the different styles of longboard 
skateboarding.  But, in all cases longboard skateboards contain four wheels, eight bearings and two 
trucks.  Briefly, two bearing fit inside each wheel; one bearing on the front side of the wheel and one 
bearing on the backside of the wheel (Figure 6).   
 
 
 
 
 
 
 
 
 
Figure 6. Placement of bearings in a longboard skateboard wheel
9
. 
 
The wheel and bearings are then placed on a threaded axle and a nut is used to tighten the 
assembly (Figure 7). 
 
 
 
 
 
 
 
 
 
Figure 7. Placement of wheel assembly on axle
9
. 
 
The axle extends from a component called the hanger which is the metal piece that moves when 
a longboard skateboarder "carves" down a hill.  The hanger is held in placed by the kingpin, which is a 
threaded bolt that is screwed into the baseplate.  The bushings sit above and below the hanger and affect 
the rotational freedom of the hanger.  They are made from polyurethane and vary in their level of 
hardness.  The hardness levels of bushings are specified to longboard skateboarders as "hard", 
"medium" or "soft".  Hard bushings allow for less rotational freedom of the hanger whereas soft bushing 
allow for greater rotational freedom of the hanger.  Thin metal components called washers sit above and 
below the bushings and reduce frictional forces at the kingpin and baseplate, respectively (Figure 8). 
Wheel 
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                   Figure 8. Exploded view of longboard skateboard deck truck components
9
. 
 
To complete the truck assembly another two bearing, wheel and nut are placed on the other axle 
(Figure 9). 
 
   
 
 
 
 
 
 
 
 
 
 
 
 
          Figure 9.  Exploded view of complete assembly for a longboard skateboard truck
9
. 
 
With an understanding of longboard skateboard advancements over the years, different styles of 
longboard skateboarding, and longboard skateboard components, the natural building materials selected 
for longboard skateboard decks will now be our primary focus.       
 
Kingpin 
Washers 
Bushings 
Hanger 
Baseplate 
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Natural Building Materials 
 
There are three natural materials commonly selected for building constituents of longboard 
skateboards: Baltic Birch, Bamboo, and Canadian Maple
10
.  Other materials such as carbon fiber 
composites and fiberglass have been used as building materials for longboard skateboard decks.  
However, these materials are not natural and are generally less environmentally friendly than wood or 
grass species utilized for the construction of longboard skateboard decks.    
 
The flexural strength, flexural modulus, Young’s modulus and yield strength of these natural 
materials vary greatly (Table I).   
Table I. Mechanical Properties of Baltic Birch, Canadian Maple and Bamboo
11
. 
 Baltic Birch 
Betula alleghaniensis 
Longitudinal 
Bamboo 
Longitudinal 
Canadian Maple 
Acer macrophyllum 
Longitudinal 
Flexural strength [Ksi] 14.9-18.3 11.6-23.2 9.63-11.8 
Flexural modulus [Psi] 1.31-2.2*10
6
 2.47-3.19*10
6
 1.31-1.6*10
6
 
Yield strength [Ksi] 7.35-8.98 5.21-6.37 5.51-6.74 
Young's modulus [Psi] 1.99-2.44*10
6
 2.18-2.9*10
6
 1.44-1.75*10
6
 
 
 
Few longboard skateboarders are knowledgeable about these mechanical properties and 
consider them before purchasing a longboard skateboard deck.  Furthermore, all of the materials are 
“natural" and though they may be harvested from the same wood or grass species, slight variations in the 
growing conditions affect the mechanical properties. Thus, one can expect significant deviations from the 
mechanical properties provided and those evaluated from species used for longboard skateboard decks.  
A general absence of technical knowledge about mechanical properties in the longboard skateboard 
community as well as how these properties can be utilized to improve longboard skateboard deck 
performance have caused few longboard skateboard deck manufacturers to report the mechanical 
properties of the natural materials selected for their boards or the mechanical properties of their laminated 
decks. In fact, this author’s experiences contacting fifteen different large skateboarding manufacturers 
found that the most do not even test or measure the mechanical properties of their boards.  Of the 
manufacturers that do measure and test the mechanical properties of their boards, that information is 
considered proprietary and is not utilized as a marketing tool to potential longboard skateboard deck 
buyers.  Therefore, it is difficult to objectively quantify natural laminated boards produced by two different 
longboard skateboard deck manufacturers.   
 
In the absence of mechanical property information for natural materials used in longboard 
skateboard decks, the only method available to evaluate consumers’ perceptions of the materials 
selected for a longboard skateboard deck would be qualitative descriptions based on each individual's 
riding experiences with a deck that is made from a particular material.  This strategy is used by longboard 
skateboard deck manufacturers to evaluate the boards they fabricate.  Instead of testing the mechanical 
7 
 
properties of their boards, these manufacturers allow a certain number of individuals to ride on their decks 
in exchange for an explanation of what they liked or disliked about the deck.  Though this method is 
hindered by a lack of objectivity, it seems to be common practice among most large skateboard deck 
manufacturers.  It is a method that may even possess some advantages when compared against 
identifying values (or ranges of values) for all of the mechanical properties for a longboard skateboard 
deck and trying to optimize certain properties believed to contribute to optimal deck performance.   
 
It is often difficult to quantify what mechanical properties to optimize for a “good longboard 
skateboard deck" as there are numerous subtleties that affect longboard skateboard deck performance.  
Contrast trying to improve a longboard skateboard deck from the perspective of optimizing certain 
mechanical properties with that of allowing an experienced rider who has spent thousands of hours on a 
longboard skateboard deck.  The rider will be able to articulate what they liked or did not like about the 
board by describing how much the board bent or how it felt when carving down a hill.  Though these 
terms are not technical they can still be used to make changes to a board.  Nevertheless, an 
understanding of the mechanical properties of a longboard skateboard deck and how those properties 
affect performance can still be useful for longboard skateboard deck development.       
 
Longboard Skateboard Deck Building  
 
Selecting a natural material for longboard skateboard decks is the first step of a multistep process 
required for their construction.  The majority of longboard skateboard decks are made from laminated 
natural materials that consist of seven, 1/16" sheets of veneer (lamina).  The orientation of the lamina in 
longboard skateboard decks varies, depending upon the style of longboard skateboarding and the 
manufacturer.  Among large skateboard deck manufacturers, lamina orientation is considered proprietary 
information and identifying the lamina orientation through inspection of a longboard skateboard deck is 
difficult.  Though the exact lamina orientation most commonly selected for longboard skateboard decks is 
unknown, the most common lamina orientations in the composites industry include: unidirectional 
laminates, angle-ply laminates, cross-ply laminates, symmetric laminates, unsymmetric laminates and 
Quasi-isotropic laminates (Figures 10-15)
12
.    
 
 
 
 
 
 
 
 
 
 
 
Figure 10.  A unidirectional laminate where the angle of fibers (θ) in each lamina is equal
12
. 
 
8 
 
 
 
 
 
 
 
 
 
Figure 11.  An angle-ply laminate where fiber orientation alternates between –θ and θ; θ does not equal 0° or 90°
12
. 
 
 
 
 
 
 
 
Figure 12. A cross-ply laminate where fiber orientation alternates between 0° and 90°
12
. 
 
 
 
 
 
Figure 13. A symmetric laminate where fiber orientation is symmetric about the center of the laminate
12
. 
 
 
 
 
 
 
Figure 14. An unsymmetric laminate where there is no symmetry or antisymmetry
12
. 
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Figure 15. A quasi-isotropic laminate where the thickness and fiber orientation angle between adjacent lamina is 
equal
12
.   
 
Depending on the application, certain lamina orientations are more effective than others in their 
behavior toward applied torsional, bending or shear stresses.  No literature is available regarding lamina 
orientations that are most effective for the construction of longboard skateboard decks.  However, the 
bending and torsional stresses applied to longboard skateboards lead this author to believe cross-ply 
laminates are the most effective for the construction of decks.     
 
  The methods used to laminate decks vary widely, but the three most commonly used methods 
include a hydraulic press, vacuum bagging and a ribbed press
10
.  Briefly, a hydraulic press uses two 
hundred or more tons of force to laminate plies together
10
. It is a process analogous to compression 
molding for composite materials.  The capital cost incurred for purchasing a hydraulic press could total in 
the tens of the thousands of dollars.  There are also high variable costs for the multiple dies required for 
manufacturing boards.  But, if a market exists for the style of longboard skateboard decks produced, the 
high output of decks can offset these high costs.  A method with much lower initial costs is vacuum 
bagging.  It is a process already extensively used throughout the composites industry .  The process 
consists of placing epoxy between stacked lamina, placing the assembly into a bag, and decreasing the 
atmospheric pressure within the bag.  Many opportunities exist for improving this process from the 
standpoint of material waste, as excess epoxy and numerous bagging components are discarded after 
use. The number of wasted materials can be greatly mitigated when constructing longboard skateboard 
decks if glue, styrofoam and the vacuum bag are the only components used during the process
10
.  An 
even more cost effective approach to fabricating longboard skateboard decks is a ribbed press.  It 
consists of constructing a press made from separate wood pieces that are glued together.  There is great 
difficulty in ensuring that the contours of adjacent wood pieces are smooth, but also fit together with 
mating wood pieces for the press. The process is also hindered by a lack of uniform pressure applied to 
the laminate which could lead to delamination within the skateboard deck
10
.        
  
10 
 
 
Bamboo 
 
Because of the young age demographic for longboard skateboarding, there is a higher probability 
that individuals in the sport will embrace new ideas and traditions.  One such idea that has grown more 
common is the use of bamboo plies as a replacement for Baltic Birch plies or Canadian Maple plies used 
in longboard skateboard decks.   
 
The use of bamboo has garnered attention because it is perceived as a more environmentally 
friendly alternative to other wood species.  But, bamboo is also a material valued for its strength and 
flexibility.  Both properties of this natural composite material are the result of cellulose fibers imbedded in 
a lignin matrix
13
.  Though often referred to as a wood or compared against other wood species, bamboo 
is actually a grass.  In tropical countries and Asia, bamboo grows abundantly.  In these countries bamboo 
is often utilized for structural applications including huts, scaffolding, and containers
13
.  Thus, in many 
countries, bamboo has demonstrated its effectiveness as a viable building material.  However, little 
literature is available that investigates the environmental impact of using bamboo in structural 
applications.  Recent work by van der Lugt et al. investigates such claims by performing a life cycle 
analysis (LCA) on the bamboo species Guadua angustifolia which was produced at the National Bamboo 
Project in Costa Rica.  The results concluded that the species had lower annual environmental costs as a 
building material compared to traditional building materials including timber, steel and concrete
14
.  The 
study also concluded that the purchasing costs were, in almost all cases, more cost effective than 
traditional building materials.  Annual costs for maintaining the bamboo were the only costs that were 
greater than those of traditional building materials.  However, higher annual costs were believed to be a 
result of the additional technical advice, labor, and maintenance, needed when implementing bamboo in 
structural applications.  Both factors were theorized to decrease as the number of structural applications 
that utilized bamboo around the world became more widespread and accepted.            
 
In some instances a 'factor 20’ environmental improvement can be achieved with bamboo, where 
energy use and material flow are decreased by a factor of 20 and productivity/efficiency are increased by 
a factor of 20 for the material
14,15
.  The study completed only assesses one species of bamboo, but there 
are between 1100-1500 different species
14
.  Furthermore, bamboo utilized for longboard skateboard 
decks is typically processed into veneer that is then laminated. Literature could not be found that further 
assesses the environmental impact of the additional processing steps required to create veneer or other 
laminated bamboo products.  Given the absence of available literature it can be theorized that the ease of 
harvesting bamboo as well as the eight year timeframe required for most bamboo species to reach 
maturity, reduce any additional processing requirements needed to make veneer or laminates, making 
bamboo a more viable environmental alterative to existing wood products
16
.    
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It is important to put the use of bamboo in context of a longboard skateboarder.  From this 
author’s experiences interviewing longboard skateboard riders, not a single rider indicated the 
sustainability of materials used for constructing a deck as a factor that affected their decision when 
purchasing a deck.  However, this illustrates an educational opportunity available within the industry.  
Most large longboard skateboard deck manufacturers construct their boards with bamboo that constitutes 
70%, 50%, or in some cases 10%, of their boards.  These manufacturers then market their boards as 
more sustainable and environmentally-friendly alternatives to existing boards.  While their claim is not 
without merit, given that some evidence exists to suggest that bamboo is a more sustainable alternative 
compared to other wood products, longboard skateboard decks could be even more sustainable if 
constructed completely from bamboo.   
 
Realistic Constraints 
 
The two realistic constraints for this project are sustainability and manufacturability.  There is 
some evidence that suggests harvesting bamboo is less damaging to the environment than harvesting 
other timber species.  Utilizing bamboo for longboard skateboard decks  can also lead to educational 
opportunities within the longboard skateboard community about the importance of protecting the 
environment.  Of equal importance to sustainability, is also manufacturability.  All processes used to 
manufacture laminates must be cost-effective, time-efficient, and have potential scalability.  The 
parameters associated with manufacturability will ensure the greatest likelihood that longboard 
skateboard decks can be fabricated.      
Problem Statement 
 
Longboard skateboards are ubiquitous on college campuses and are used by many students as a 
mode of transportation to school. Despite the wide breadth of longboard skateboard manufacturers little 
information is provided to consumers about the mechanical properties of longboard skateboard decks.  
Yet, each year consumers are manipulated into believing new longboard skateboard deck models are 
“better" based off advertising campaigns, not an improvement in mechanical properties.  Furthermore, 
few longboard skateboard deck manufacturers have demonstrated a commitment to sustainability with 
the materials they select for their boards.  To be more sustainable and educate consumers about 
longboard skateboard decks, the modulus of rupture and apparent bending stiffness of self-constructed 
bamboo laminates will be tested to identify laminate orientations that demonstrate potential for 
implementation into longboard skateboard decks.  
12 
 
Figure 19.  A cross-ply laminate of three 1/8" thick plies called "Three Eighths". 
 
Experimental Procedure 
Laminate Orientations Constructed  
 
A total of ten different laminates were selected for potential implementation into longboard 
skateboard decks (Figures 18-25). 
 
 
 
 
 
 
 
Figure 16. A cross-ply laminate of eleven 1/32" thick plies created during summer 2012 called "11-Ply". 
 
 
 
 
Figure 17. A cross-ply laminate of two 1/8" thick bamboo plies  called "Double A". 
 
 
 
 
 
Figure 18.  A cross-ply laminate of two 1/32" and two 1/8" thick plies  called "Four Ply". 
 
 
 
 
 
 
 
 
 
1/8" Ply 
1/32" Ply 
1/32" Ply 
1/8" Ply 
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Figure 22.  A unidirectional laminate of three 1/8" thick plies called "Uni B". Note that each lamina is longitudinally  
oriented. 
 
Figure 23.  A cross-ply laminate of three 1/8" thick plies  called "XB". 
 
 
 
 
 
Figure 20. A single 3/4" thick ply called "Three Quarter". 
 
 
 
 
 
Figure 21.  A unidirectional laminate of three 1/8" thick plies  called "Uni A".  Note that each lamina is transversely 
oriented. 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 24. A cross-ply laminate called "Sandwich". 
3/4" Ply 
1/8" Ply 
1/8" Ply 
1/32" Ply 
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Figure 25. The cross-ply laminate called "Five Ply". 
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1/8" Ply 
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15 
 
Figure 27.  The Tetrahedron MTP-10 bench top precision press
17
. 
 
Preparing Plies 
 
Only cross-ply laminate orientations and unidirectional laminate orientations were selected 
because they were the most effective laminate orientations at reducing cost and material waste.  Bamboo 
used to create the selected laminates was obtained from Cali Bamboo and Plyboo.  The bamboo was 
purchased in sheets and cut into 12" by 12" squares.  Bamboo thicknesses of 1/32" and 1/8" were utilized 
to construct laminates.  Prior to lamination, each ply was laid out and wood glue was applied using a paint 
roller to the top surface of the bottom ply and top surface of the middle ply or middle plies (Figure 26).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 26. Wood glue is applied to the top surface of the bottom ply and top surface of the middle ply. 
Depending on the number of plies in the laminate the time required to apply wood glue varied, but 
never exceeded five minutes for all laminates constructed.  After applying wood glue, plies were stacked 
on top of each other and were ready to be pressed.   
Laminating Plies 
 
The press used for manufacturing the laminates was a Tetrahedron MTP-10 bench top-precision 
press (Figure 27).  
 
 
 
 
 
 
 
 
 
 
 
 
 
Plate controls 
Heat and force 
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Force and heat 
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plate 
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The plate size on the press was 10" by 10".  To increase the size of laminates that could be 
manufactured, a 12" by 12" steel plate was placed on the bottom plate of the press and a 12" by 12" steel 
plate was placed on top of the laminate (Figure 28).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
         Figure 28. Self-constructed bamboo laminate sandwiched between two steel plates . 
 
The temperature of the press was set to 75°F and a 1000 pounds force (lbf ) was applied for forty minutes 
for all of the laminates created.  After forty minutes the laminate was removed from the press and any 
excess glue was wiped off.  The glue was given twenty four hours to dry.    
Bend Testing 
 
Following Method D of ASTM standard D3043-00, laminates were tested in three-point bending 
using an Instron 3369 Dual Column Tabletop Testing System
18
.  The rate of motion for the top fixture was 
calculated using Equation (1). 
                                                                   
   
  
                                                                 (1) 
 
Where N is the rate of motion of the crosshead, L is the length of the span, d is the depth of the 
beam and z is a scalar value called the unit rate of fiber strain.  The standard specifies that the length of 
the span should be calculated by multiplying the depth of the test specimen (thickness) by 24.  
 
The test specimen must have a minimum width of at least three inches and a length of two inches 
plus the value of the span length.  The maximum span length of the test fixture used was 9.6" and the 
maximum size of the self-constructed laminates that could be created was 12" by 12".  Because of these 
12” steel 
plates 
Self-constructed   
bamboo laminate 
10” plates 
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limiting factors, the testing procedure was modified so that all laminates had a width of 3", a length of 12", 
and a support span of 9.6" (Figure 29).  The only exception to these rules was the 11-Ply laminate, which 
had a length of 11".               
  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 29.  Three-point bend testing performed on the laminate specimen “Three Eighths". 
 
Laminates from Commercially Available Longboard Skateboard decks  
 
Additional three-point bend testing was performed on laminates cut from four different 
commercially available longboard skateboard decks (Figures 30-33).   
 
 
 
 
 
 
Figure 30. Square Tail-Tidal Rider board is constructed from 30% Canadian Maple and 70% Bamboo.  The board 
was purchased from Bamboo SK8. 
 
 
“Three Eighths” laminate 
Support span  
Bottom fixtures 
Top fixture 
18 
 
Figure 31. The Striker board is constructed from bamboo and fiber-glass.  The board was purchased from Sector 9.  
 
 
 
 
 
 
 
 
 
 
Figure 32. The Puerto Rick board is constructed from five laminated bamboo plies.  The board was purchased from 
Sector 9.  
 
 
 
 
 
 
 
Figure 33. The blank board consis ts of seven laminated Canadian Maple plies. 
 
Determining MOR and Bending Stiffness  
 
Bluehill Testing Software was used to record mechanical property values obtained for each 
laminate tested.  The strength of each laminate was determined by using Equation (2) 
 
                                      
   
    
                                                                      (2)   
 
Where σf is the modulus of rupture (MOR), P is the maximum load applied to the laminate, L is 
the length of the support span, b is the width of the test specimen, and d is the thickness of the test 
specimen.      
For each laminate tested, a graph of crosshead extension (displacement) and flexure load was 
produced (Figure 34).  
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Figure 34.  Flexure load and crosshead displacement curve for specimen 1 of the laminate “11-Ply". 
 
Data points from the bottom portion of the graph were removed because values obtained in this 
region are often an artifact of the misalignment of the test fixture or test specimen.  Data points were also 
removed from the top portion of the graph until an R
2
 value greater than or equal to 0.99 was obtained.  
The slope and R
2
 value of the remaining data points were determined using Microsoft Excel.  Equation (3) 
was then used to determine the apparent bending stiffness of the test specimen.   
 
                                                          
                                           
   
   
                                         (3)   
 
Where EI is the bending stiffness, L is the span length and P/ Δ is the slope of the flexure load 
and crosshead extension curve.    
 
The bending stiffness determined for each laminate using Equation 3 is referred to as an 
apparent bending stiffness because crosshead displacement values were obtained from data gathered by 
the Instron 3369, not an extensometer or deflectometer.           
Results  
 
The MFL, MOR and apparent bending stiffness values were obtained for nine different self-
constructed laminates and four different longboard skateboard decks (Table II).  To identify the process 
variability associated with fabricating laminates the laminate orientations with the highest MOR were 
created again through a similar manufacturing process (Table III).   
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Table II.  Average mechanical properties for eight different laminate orientations and four commercially available longboard skateboa rd decks. 
                                                             
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Laminate 
Max. Flex. 
Load (lbf) 
Maximum 
Strength 
(Psi) 
Apparent 
Bending 
Stiffness 
(lbfin
2
) 
11-Ply 234.54 6966.36 32608.05 
Three 
Eighths 1901.97 64920.66 332371.97 
Three 
Quarter 3371.25 28767.96 538352.64 
Double A 213.95 16431.66 49986.66 
Four Ply 775.57 38120.84 97118.67 
Uni A 264.70 9035.26 81640.40 
Uni B 1296.58 44256.50 177098.80 
XB   425.94 14538.64 89154.20 
Sandwich 766.16 46475.48 137003.67 
Five Ply 850.45 21327.33 216263.58 
Blank 1502.92 37262.59 155775.28 
Puerto Rico 1466.98 25547.42 160635.80 
Striker 1607.31 39850.66 151105.54 
Tidal Rider 1625.81 26370.12 226907.14 
Laminate 
Max. Flex. 
Load (lbf) 
Maximum 
Strength 
(Psi) 
Apparent 
Bending 
Stiffness 
(lbfin
2
) 
Four Ply 697.07 34262.48 105558.22 
Sandwich  627.05 38036.92 100499.87 
Three 
Eighths  1373.75 46890.73 202180.61 
*A complete list of the mechanical property values obtained for all specimen is available in Appendix  A. 
 
*A complete list of the mechanical property values obtained for all specimen is available in Appendix  A. 
 
Table III.  Average mechanical properties for recreated laminates. 
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Statistical Analysis  
 
An F-Test was performed on the MOR, MFL and apparent bending stiffness values obtained for 
all of the laminates tested (Table IV, V,VI).   
Table IV.  F-test performed on logarithmically-transformed MOR values. 
Source DF Sum of 
Squares 
Mean 
Square 
F Ratio Prob >F 
Laminate 13 3.29 0.253 102.95 <0.0001* 
Error 36 0.088 0.002   
C. Total 49 3.38    
Table V.  F-test performed on logarithmically-transformed MFL values. 
Source DF Sum of 
Squares 
Mean 
Square 
F Ratio Prob >F 
Laminate 13 7.25 0.558 226.80 <0.0001* 
Error 36 0.088 0.002   
C. Total 49 7.34    
Table VI.  F-test performed on logarithmically-transformed apparent bending stiffness values . 
Source DF Sum of 
Squares 
Mean 
Square 
F Ratio Prob >F 
Laminate 13 4.15 0.319 211.35 <0.0001* 
Error 31 0.047 0.001   
C. Total 44 4.19    
 
Briefly, an F-test begins with the null hypothesis (H0) that all of the values tested are equal.  The 
alternative hypothesis (HA) is that at least two of the values tested are different.  Three different degrees 
of freedom (DF) are calculated for the test.  The cumulative total (C. Total) degrees of freedom, is one 
less than the total number of observations
19
.  The model (Laminate) is the number of degrees of freedom 
for the number of parameters.  In this case, Laminate is equal to one less than the total number of 
laminates investigated (13).  The Error is equal to C. Total minus Laminate.   
 
The C. Total Sum of Squares is the sum of the squared distances of each observation from the 
sample mean
19
.  The Sum of Squares for the Error describes the unexplained variability . The sum of 
squares for Laminate is equal to C. Total minus Error.  The Mean Square for Laminate is the Sum of 
Squares divided by the DF for Laminate.  The Mean Square for Error is the Sum of Squares divided by 
the DF for Error.                
 
The F Ratio is the Mean Square for Laminate divided by the Mean Square for Error.  The ratio 
corresponds to an area underneath the F-density curve called the P-value.  The P-value is then 
compared to α which is a type I error that corresponds to the probability of rejecting H0 when H0 is actually 
true
20
.  The α selected for all of the tests performed was 0.05.  Since the P-value (0.0001) is less than 
0.05 for all of the tests performed, H0 is rejected, and there is statistical evidence to suggest HA.     
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Finally, an F-test assumes that the variance among all observations is equal and that all of the 
observations follow a normal distribution
20
.  To satisfy these assumptions, a mathematical procedure 
called a logarithmic-transformation was performed on all MOR, MFL and apparent bending stiffness 
values obtained.    
 
In every F-test that was performed there was statistical evidence to suggest HA.  While this was 
useful for quantifying if at least two of the values tested were different, further analysis was required to 
understand the differences between each of the MOR, MFL and apparent bending stiffness values.  This 
was done by performing a Tukey-Kramer Honest Significant Difference (HSD) test (Table VII, VIII, IX). 
 
  The difference between each MOR, MFL and apparent bending stiffness value, respectively, 
was compared against a T-value
20
.  If the difference between the mean values compared was greater 
than the T-value then there was statistical evidence to suggest that the two values  compared were 
different.  Laminates that exhibited this difference were distinguished with a unique alphabetic letter.  If 
there was not statistical evidence to suggest the values compared were different, the laminates shared an 
alphabetic letter.  In some cases, laminates were distinguished with more than one alphabetic letter, 
signifying that there was not statistical evidence to suggest a difference between values obtained for 
more than one laminate.     
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Table VII.  Tukey-Kramer HSD test performed on logarithmically-transformed MOR values. 
 
 
 
 
 
 
 
 
 
Table VIII.  Tukey-Kramer HSD test performed on logarithmically-transformed MFL values. 
 
 
 
 
 
 
 
 
 
 
Level Alphabetic Letter Mean 
Three Eighths A 4.80 
Sandwich        B 4.66 
Uni B        B 4.64 
Striker        B 4.60 
Four Ply        B 4.58 
Blank        B        C 4.57 
Three Quarter                  C      D 4.43 
Tidal Rider                  C      D 4.42 
Puerto Rico                  C      D 4.40 
Five ply                           D       E 4.32 
Double A                                     E     F 4.21 
XB                                              F 4.16 
Uni A                                                   G 3.94 
11-Ply                                                   G 3.83 
Level Alphabetic Letter Mean 
Three Quarter A 3.50 
Three Eighths      B 3.27 
Tidal Rider      B         C 3.21 
Striker      B         C 3.20 
Blank      B         C 3.17 
Puerto Rico      B         C 3.16 
Uni B                  C 3.11 
Five Ply                             D 2.92 
Four Ply                             D 2.88 
Sandwich                             D 2.88 
XB                                         E 2.62 
Uni A  F 2.41 
11-Ply F 2.36 
Double A F 2.32 
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Table IX.  Tukey-Kramer HSD test performed on logarithmically-transformed apparent bending stiffness values . 
Level Alphabetic Letter Mean 
Three Quarter A 5.73 
Three Eighths        B 5.51 
Tidal Rider              C 6.35 
Five Ply              C 5.33 
Uni B              C    D 5.24 
Puerto Rico                     D    E 5.20 
Blank                     D    E 5.19 
Striker                     D    E 5.17 
Sandwich                            E 5.13 
Four Ply                                      F 4.98 
XB                                       F 4.94 
Uni A                                      F 4.91 
Double A                                            G 4.69 
11-Ply H 4.51 
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Discussion 
Market Analysis 
 
A method similar to what large skateboard deck manufacturers use to evaluate their longboard 
skateboard decks was used in this project to evaluate how individuals perceived certain materials 
selected for longboard skateboard decks.  Information was gathered through an online survey that was 
posted on Facebook.  The results of the ten question survey indicated that the environmental 
sustainability of materials selected for decks was not much of a concern among longboard skateboarders 
and potential longboard skateboard buyers (Figure 35).      
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 35.  Generated from the responses of 27 individuals who were longboard skateboarders or potential 
longboard skateboard buyers asked, “How concerned are you with the environmental impact of the materials used to 
make a longboard skateboarding deck? ie. bamboo, carbon fiber, maple, etc.  Response answers included: extremely 
important, very important, moderately important, slightly important and not at all important.       
When asked about the criteria used to select between longboard skateboard decks the answers 
respondents gave varied widely.  The feel of a board, price, design, quality, length of board, shape of 
board, the style of a board and feel, were all factors that individuals considered.  Some respondents also 
considered the reputation of a company, the graphics on a board and even the trucks on a board (which 
can easily be removed) as criteria used for selecting among longboard skateboards. A similar set of 
responses was obtained when this author interviewed sales personnel at surf and skateboard shops in 
the San Luis Obispo and San Diego communities, as well as interviewing individuals that longboard 
skateboard.  It is difficult to identify which factor or set of factors is most important to a longboard 
skateboarder selecting among longboard skateboard decks.  However, during this author's experiences 
interviewing sales personnel, it was also found that longboard skateboarders may value the durability of a 
deck, the shape of a deck and even the quality of a deck, but the most important consideration was the 
price of a deck.     
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From analyzing the interviews and surveys collected a trend began to emerge: individuals new to 
longboard skateboarding valued the graphics on the bottom of a deck and the reputation of a company 
more than experienced longboard skateboarders.  It was also found that more experienced riders 
preferred not to ride on longboard skateboards produced by some of the largest manufacturers including 
Sector 9, Gravity, and Arbor.  Instead, some of these experienced riders preferred to ride on less popular 
brands often favoring to ride on boards produced from small, less mainstream longboard skateboard 
manufacturers.  Many riders were asked about their experiences or perceptions of one of the more 
sustainable natural building materials used for longboard skateboard decks: bamboo.  Few riders had the 
opportunity to ride on longboard skateboard decks manufactured from bamboo and at most surf and 
skateboard shops in the San Luis Obispo and San Diego regions only a few bamboo boards were sold.  
The overall feeling toward bamboo exhibited by most riders and sales personnel was ambivalence.  For 
those that had the opportunity to ride bamboo they praised the material for its stiffness and flexibility, 
noting a better feeling when carving down hills.  However, the additional cost of bamboo, sometimes 
totaling an extra $30 to $40 compared to similar boards made from Canadian Maple, was a primary 
deterrent for many riders considering purchasing a bamboo deck.           
 
When interviewing longboard skateboarders the respondents' age and years of experience 
longboard skateboarding were recorded.  The results of the interviews indicated that individuals of many 
different age groups participated in longboard skateboarding.  Interviews also indicated a wide breadth of 
experience levels among riders, further revealing that it was an activity predominately performed by males 
(Figure 36).   
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 36.  The age and longboard skateboard experience of 17 respondents. 
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Other pertinent information from longboard skateboard riders could have been gathered but was 
not obtained due to the difficultly in interviewing riders and time constraints during interviews.  A more 
thorough market analysis could be developed if a larger sample size and random sampling techniques 
were implemented.  However, general assumptions about the purchasing habits of longboard 
skateboarders’ preferences when purchasing longboard skateboard decks can be drawn from the 
information collected.   
 
The relatively young age demographic of longboard skateboarders, between 10 years and 30 
years of age, suggests that this group has limited discretionary spending.  Therefore, when manufacturing 
longboard skateboard decks for such a group the price of the deck must be in reasonable accord with 
other decks of similar quality or value.  The exception to this would be if the extra cost of the deck could 
be reasonably justified to the rider by an improvement in performance.  It is difficult to imagine how 
laminated wood products used for longboard skateboarding could be improved upon each year given the 
subjective methods implemented by most large skateboard manufacturers. Yet, despite the testing 
methods implemented by these longboard skateboard manufacturers, new longboard skateboard deck 
models are introduced each year.  The alterations to decks often involve: new graphics, a different board 
shape, a different orientation of the plies, the addition of two or more different wood species, or some 
combination of the alterations listed.  The average longboard skateboarder will be unable to perceive the 
structural improvements to the board.  But, it is the idea that such changes were made that has 
captivated the rider and caused them to believe that the longboard is  better.  Younger longboard 
skateboarders or individuals new to the sport are the most frequently targeted by such marketing 
strategies, although individuals from all longboard skateboard experience levels are susceptible.   
MOR as Guiding Value  
 
MOR values were initially used as an indication of the quality of the self-constructed laminates.       
Higher MOR values were believed to be more desirable than lower MOR values.  Based on this criterion, 
the three most promising laminate orientations for implementation into a longboard skateboard deck were 
Sandwich, Three Eighths and Four Ply (Figure 37).   
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Figure 37.  Average MOR values for commercially available longboard skateboard decks and self-constructed 
bamboo laminates. 
 
These laminate orientations had similar or higher MOR values than the commercially available 
longboard skateboard decks.  Further analysis of the mechanical properties obtained indicated that 
maximum flexure load (MFL) was a more useful indicator of the quality of a self-constructed laminate 
because it better accounts for when a longboard skateboard deck will fail, by breaking into two pieces.  
Laminate orientations with higher MFL values were considered to be more desirable than laminate 
orientations with lower flexure load values.     
MFL of Bamboo Laminates 
 
  The three most promising laminate orientations that had the highest MFL values were Three-
Quarter, Three Eighths, and Uni B, respectively (Figure 38).   
 
 
 
 
 
 
 
 
 
 
 
Figure 38.  Average MFL values for commercially available longboard skateboard decks and self-constructed 
bamboo laminates. 
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The four commercially available longboard skateboard decks had lower MFL values than the 
laminates Three-Quarter and Three Eighths, but higher MFL values than the laminate Uni B.  Of the self-
constructed laminates investigated Three Eighths and Three Quarter were the only laminate orientations 
that had higher MFL values than the commercially available longboard skateboard decks.  High MFL 
values for commercially available longboard skateboard decks are attributable to how these longboard 
skateboard decks are manufactured.  A press that can exert over 500,000 lbf  is typically used to laminate 
these boards.  The press used to laminate the self-constructed laminates could exert a maximum of 1,000 
lbf .  The glue used for the self-constructed laminates was also an off-the-shelf wood glue.  Although the 
exact bonding agent utilized for commercially available boards varies among manufacturers and is 
proprietary, the bonding agent used is most likely an epoxy, PVA glue, polyurethane glue or resin
10
.  
Finally, the differences in MFL values between self-constructed laminates and commercially available 
longboard skateboard decks are also attributable to the thickness of the plies used in the commercially 
available longboard skateboard decks.  Plies used are much thinner and range between 1/10" and 1/16".  
Bamboo plies that ranged between these thicknesses could not be obtained for this project, but it is likely 
that self-constructed laminates fabricated from plies of these thicknesses would have significantly 
different mechanical properties.        
Thickness of Longboard Skateboard Decks 
 
In addition to using MFL as an indicator of the quality of a longboard skateboard deck, the 
thickness and apparent stiffness of the self-constructed laminates were also considered. 
 
Most longboard skateboard decks have thicknesses that range between 0.4" and 0.55".  All of the 
laminates created fall within 0.15" of this range except for the laminate Three-Quarter.  Although there are 
commercially available longboard skateboard decks that exceed this range, thicker decks are generally 
undesirable to longboarders because of increased board weight, difficulties associated with carrying the 
board and greater board stiffness.       
Bending Stiffness  
 
The bending stiffness of a board describes how much the board will bend when a load is applied.  
Higher values of stiffness indicate that the board will bend less when compared to lower values of 
stiffness.  Longboard skateboarders will either jump on the middle of a fully-assembled board or press on 
the center of a fully-assembled board with their foot, to identify the stiffness of a board (Figure 39 and 40). 
.   
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            Figure39.  Jumping on fully-assembled board
21
. 
 
 
 
 
 
 
 
 
 
     Figure 40.  Pressing on fully-assembled board
22
. 
 No literature or reports could be found that identify any other methodology that longboarders use 
to identify the stiffness of their boards.  There is no currently established “best value" for board stiffness.  
Of the commercially available longboard skateboard decks tested, the apparent bending stiffness of the 
decks ranged between 150,000 lbf in
2
 and 200,000 lbf in
2 
(Figure 41).   
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Figure 41.  Average apparent bending stiffness values for commercially available longboard skateboard decks and 
self-constructed bamboo laminates. 
 
While the apparent bending stiffness values determined for the four commercially available 
longboard skateboard decks are useful for comparing to the apparent bending stiffness values of self-
constructed bamboo laminates, the stiffness values of the commercially available longboard skateboard 
decks do not serve as an indication of what stiffness values are required for longboard skateboard decks.  
Some longboarders prefer boards that are stiff, while others prefer boards that are more flexible.  
Apparent bending stiffness values below 35,000 lbf  in
2
 were the only laminates that were found to be too 
flexible for implementation into a longboard skateboard deck.  Laminate orientations with apparent 
bending stiffness values most similar to the commercially available longboard skateboard decks are 
Sandwich, Uni B and Four Ply.       
 
Recreated Laminates  
 
Significant process variability existed between laminate orientations with the highest MOR values.  
These recreated laminates were fabricated under similar processing conditions, except that they 
remained on the press for an additional twenty minutes.  Concerns about delamination within laminates 
and a limited number of bamboo plies were factors that led to longer press times.  The additional twenty 
minutes on the press did not seem to increase the amount of glue removed from each laminate. 
     
  Significant differences existed between MFL values for initially reported laminate orientations 
and recreated laminate orientations (Figure 42). 
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Figure 42.  Average MFL values initially reported compared to values for recreated laminates.  Note that the "R" next 
to "three Eighths", "four ply" and "sandwich" indicate that the laminate was recreated.    
 
These differences are most apparent for the laminate Three Eighths which had a difference of 
about 500 lbf .  The laminates Sandwich and Four Ply had differences of about 100 lbf  and 50 lbf , 
respectively.    
 
Differences also existed between initially reported apparent bending stiffness values for laminate 
orientations and reconstructed laminate orientations (Figure 43).           
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 43.  Average apparent stiffness values initially reported compared to values for recreated laminates . Note that 
the "R" next to "three Eighths", "four ply" and "sandwich" indicate that the laminate was recreated.    
 
The differences are most apparent for the laminate Three Eighths which had a drop in stiffness of 
about 100,000 lbf in
2
.  The laminates Sandwich and Four Ply had differences of about 50,000 lbf in
2
 and 
10,000 lbf in
2
, respectively.    
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The differences between initially reported MFL and apparent bending stiffness values and values 
reported for reconstructed laminate orientations are attributable to the bamboo plies used, the 
manufacturing process and the curvature of each bamboo ply.  Reconstructed laminates utilized bamboo 
plies that were constructed from different shoots of bamboo which lead to differences in the mechanical 
properties of each ply.  The amount of wood glue used to laminate each ply was never measured and 
varied among each of the plies.  The amount of wood glue applied to each ply could not be easily 
measured because of the fast dry time for the glue.  Given this short timeframe, the glue was applied as 
quickly as possible to each ply before lamentation on the press.  Bamboo plies were purchased in sheets 
and then cut into 12" by 12" plies.  Each bamboo sheet had a slight curvature to it and therefore, each 12" 
by 12" ply had a slight curvature as well (Figure 44).  Plies from different sheets of bamboo were often 
laminated together which made the lamination process challenging because the curvature among 
bamboo plies varied.   
 
 
 
 
 
 
 
 
 
 
 
 
Figure 44. The slight curvature of a bamboo ply 
 
 
Recommendations 
 
The process variability associated with manufacturing the laminates could be decreased by 
increasing press time and pressure.  Longer press times would allow for a greater quantity of glue to dry 
which would lead to less delamination within the laminates. Process variability could further be reduced 
by selecting glue with a longer dry time and implementing a method that would better control the amount 
of glue applied to each ply.  However, one factor of the manufacturing process that was not investigated 
was a confirmation that equal force was applied across the press plates.  Unequal force across the press 
plates may have contributed to delamination within some of the laminates created and to the process 
variability identified among mechanical property values initially reported and values reported for recreated 
laminates.  A manufacturing process that can apply more equal force across a laminate is vacuum 
bagging.  A complete description of the process is beyond the scope of this report.  However, vacuum-
bagging has been used to manufacture laminates and longboard skateboards.  This manufacturing 
Bamboo ply 
Curvature of ply 
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method has several advantages over a press.  Its low cost, versatility, and greater assurance of an equal 
applied force, make it a promising method for reducing process variability when manufacturing laminates.      
Conclusions  
 
1. MOR values for the laminate orientations Three Eighths (64921 Psi), Four Ply (38121 
Psi) and Sandwich (46476 Psi) were similar or greater than MOR values for commercially 
available longboard skateboard decks.     
2. Self-constructed bamboo laminates could sustain lower flexure loads compared to the 
commercially available longboard skateboard decks tested. 
3. Self-constructed laminates that appeared most promising for implementation into 
longboard skateboard decks had apparent bending stiffness values less than the 
apparent bending stiffness values for commercially available longboard skateboard 
decks.   
4. Significant process variability existed between self-constructed bamboo laminates with 
the same laminate orientations.   
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Appendix A   
Table X. Mechanical properties for eight different laminate orientations and four commercially available longboard skateboard decks . 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
*Values for test specimen 3 of the laminate Three Eighths w ere not computed or included in the total average because signif icant delamination w as noted on this test 
specimen after it w as cut with a band saw .      
 
Laminate Specimen # 
Max. Flex. 
Load (lbf) 
Thickness 
(in) 
Maximum 
Strength 
(Psi) P/Δ (lbf/in) 
Apparent 
Bending 
Stiffness 
(lbfin
2
) 
11-Ply 1 270.26 0.402 8027.33 1896.1 34948.92 
  2 198.82 0.402 5905.40 1642.1 30267.19 
  Average 234.54   6966.36   32608.05 
Three 1 2308.63 0.375 78801.24 20377 375588.86 
Eighths 2 1869.84 0.375 63823.87 18306 337416.19 
  3* 1436.13 0.375 49019.90 N/A N/A 
  4 1993.29 0.375 68037.63 15414 284110.85 
  Average 1901.97   64920.66   332371.97 
Three  5 3724.96 0.75 31786.33 27532 507469.82 
Quarter 6 3247.47 0.75 27711.74 30677 565438.46 
  7 3636.57 0.75 31032.06 29373 541403.14 
  8 2875.98 0.75 24541.70 29248 539099.14 
  Average 3371.25   28767.96   538352.64 
Double A 1 232.28 0.25 17839.08 2598.6 47897.40 
  2 180.98 0.25 13899.39 2537.7 46774.89 
  3 220.07 0.25 16901.74 2930.3 54011.29 
  4 222.48 0.25 17086.42 2781.2 51263.08 
  Average 213.95   16431.66   49986.66 
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Laminate Specimen # 
Max. Flex. 
Load (lbf) 
Thickness 
(in) 
Maximum 
Strength 
(Psi) 
P/Δ 
(lbf/in) 
Apparent 
Bending 
Stiffness 
(lbfin
2
) 
Four Ply 1 758.23 0.3125 37268.70 6034.5 111227.90 
  2 802.66 0.3125 39452.37 5707 105191.42 
  3 779.21 0.3125 38299.71 4609.4 84960.46 
  4 762.18 0.3125 37462.57 4725.2 87094.89 
  Average 775.57   38120.84   97118.67 
Uni A 1 197.65 0.375 6746.59 4192.5 77276.16 
  2 246.28 0.375 8406.40 4644.4 85605.58 
  3 319.87 0.375 10918.36 4380.8 80746.91 
  4 295.01 0.375 10069.70 4499.4 82932.94 
  Average 264.70   9035.26   81640.40 
Uni B 1 1288.46 0.375 43979.33 9191.4 169415.88 
  2 1376.20 0.375 46974.43 9214.4 169839.82 
  3 1325.21 0.375 45233.83 10554 194531.33 
  4 1196.44 0.375 40838.42 9473.1 174608.18 
  Average 1296.58   44256.50   177098.80 
XB   1 423.71 0.375 14462.74 4828.2 88993.38 
  2 389.58 0.375 13297.61 5038.7 92873.32 
  3 476.12 0.375 16251.47 4678 86224.90 
  4 414.34 0.375 14142.73 4802.8 88525.21 
  Average 425.94   14538.64   89154.20 
Sandwich 1 820.17 0.2813 49751.31 7436.6 137071.41 
  2 750.34 0.2813 45515.43 7167.9 132118.73 
  3 719.35 0.2813 43635.70 7197 132655.10 
  4 774.80 0.2813 46999.48 7930.2 146169.45 
  Average 766.16   46475.48   137003.67 
 
 
39 
 
Laminate Specimen # 
Max. Flex. 
Load (lbf) 
Thickness 
(in) 
Maximum 
Strength 
(Psi) P/Δ (lbf/in) 
Apparent 
Bending 
Stiffness 
(lbfin
2
) 
Five Ply 1 838.97 0.4375 21039.24 9078.2 167329.38 
  2 858.35 0.4375 21525.36 12945 238602.24 
  3 826.01 0.4375 20714.32 12378 228151.30 
  4 878.49 0.4375 22030.38 12531 230971.39 
  Average 850.45   21327.33   216263.58 
Blank 1 1499.79 0.44 37184.85 8251.4 152089.80 
Deck 2 1506.06 0.44 37340.33 8651.3 159460.76 
  Average 1502.92   37262.59   155775.28 
Puerto Rico 1 1400.43 0.525 24388.48 8444.6 155650.87 
Deck 2 1533.53 0.525 26706.37 8985.5 165620.74 
  Average 1466.98   25547.42   160635.80 
Striker 1 1647.36 0.44 40843.54 8038.4 148163.79 
Deck 2 1567.26 0.44 38857.79 8357.6 154047.28 
  Average 1607.31   39850.66   151105.54 
Tidal Rider 1 1641.20 0.544 26619.73 13225 243763.20 
Deck 2 1610.42 0.544 26120.50 11396 210051.07 
  Average 1625.81   26370.12   226907.14 
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Table XI. Mechanical properties for recreated laminates 
Laminate Specimen # 
Max. Flex. 
Load (lbf) 
Thickness 
(in) 
Maximum 
Strength 
(Psi) 
P/Δ 
(lbf/in) 
Apparent 
Bending 
Stiffness 
(lbfin
2
) 
Four Ply 1 777.27 0.3125 38204.15 6447.9 118847.69 
Redone 2 685.19 0.3125 33678.64 5693.8 104948.12 
  3* N/A 0.3125 N/A N/A N/A 
  4 628.76 0.3125 30904.65 5039 92878.85 
  Average 697.07   34262.48   105558.22 
Sandwich  1 638.75 0.2813 38746.52 5583.1 102907.70 
Redone 2 608.58 0.2813 36916.60 5167.9 95254.73 
  3 633.82 0.2813 38447.65 5606.4 103337.16 
  4 N/A 0.2813 N/A N/A N/A 
  Average 627.05   38036.92   100499.87 
Three 
Eigths  
1 
1381.80 0.375 47165.47 11078 204189.70 
Redone 2 1466.69 0.375 50063.02 11312 208502.78 
  3 1286.76 0.375 43921.34 10968 202162.18 
  4 1359.76 0.375 46413.11 10518 193867.78 
  Average 1373.75   46890.73   202180.61 
 
*Values for test specimen 3 of the laminate Four Ply Redone w ere not computed or included in the total average because signif icant delamination w as noted on this test 
specimen after it w as cut with a band saw .      
 
 
 
 
